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(54) Method of assigning frequency usin%pf QPaaatlonj oss 

(57) A process of assigning frequencies uses prop- 
agation loss in a CDMA communication system. A base 
station measures propagation loss over a channel 
between the base station and a mobile station. If the 
measured propagation loss is greater than a certain 
fixed value, the base station determines that since the 
mobile station is present in a p^siiifiaxlislanWfrom the 
ba se station., the mobile station may possibly interf ere 
w ith a base station of another CDMA co mmunication 
sygtem. The base station assigns a fr equency channel 
w hich is not adjacent tollieTfecjuencyTjand assigne d to " 
the other CDMA communication system to the mobile 
station. 
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Description 

[0001] The present invention relates to a method of 
assigning a frequency from a base station to mobile sta- 
tions in a CDMA (Code Division Multiple Access) com- 5 
munication system. 

[0002] The CDMA communication system are is 
expected to be the next-generation mobile communica- 
tion system. The CDMA communication system is 
advantageous in that a plurality of adjacent base sta- io 
tions can share one frequency band. 
[0003] In a CDMA communication system, different 
codes are assigned to respective channels, and signals 
are demodulated on the basis of the fact that there is a 
difference between autocorrelated values, which are 75 
correlated values between the same codes, and cross- 
correlated values, which are correlated values between 
different codes. It is therefore necessary that the cross- 
corr elated values between the codes assigned to the 
respective channels are sufficiently lower than the auto- 20 
correlated values. It is most preferable that all the codes 
which are used be orthogonal to each other (the cross- 
correlated values be 0). However, since it is difficult for 
all the codes which are used by base stations that are 
adjacent to each other to be orthogonal to each other, 25 
the cross-correlated values are generally not 0. 
[0004] If the cross-correlated values are not 0, then 
there is a possibility that when a mobile station A1 is 
present near a base station and a mobile station A2 is 
present far from the base station, depending on the ratio 30 
of transmission powers of the mobile stations A1 , A2 at 
the time signals from the mobile stations A1, A2 arrive 
at the antenna of the base station, the correlated value 
(cross-corrected value) between the signal from the 
mobile station A1 and the code assigned to the mobile 35 
station A2 may be greater than the correlated value 
(autocorrelated value) between the signal from the 
mobile station A2 and the code assigned to the mobile 
station A2. 

[0005] In such a case, because the cross-corrected 40 
value is not lower than the autocorrelated value, the sig- 
nal from the mobile station A2 cannot properly be 
demodulated. This could lead to a fatally dangerous sit- 
uation where if the signal power sent from one mobile 
station and received by the antenna of a base station is 45 
much greater than the signal power sent from another 
mobile station and received by the antenna of the base 
station, then the base station is unable to decode sig- 
nals other than the signal from the mobile station whose 
reception power is larger at the antenna of the base sta- so 
tion. This problem is widely known as a near-far prob- 
lem. In order to solve the problem, it is necessary to 
perform a transmission power control process on trans- 
mitters for equalizing signal powers from all the trans- 
mitters in input signals received by a receiver. 55 
[0006] If a mobile communication system is operated 
by a sole network operator and a handoff is properly 
carried out as a mobile station moves, then communica- 



tions are effected via a path whose transmission loss is 
smallest between the base station and the mobile sta- 
tion. It is thus possible to perform a transmission power 
control process in order to minimize the transmission 
power of the mobile station for thereby solving the near- 
far problem. 

[0007] Another problem occurs when a plurality of 
mobile communications are operated in one area by a 
plurality of network operators. In this situation, if the 
base stations are located at one site or mutual roaming 
is carried out between the different network operators, 
then no difficulty arises because a path whose transmis- 
sion loss is smallest between base and mobile stations 
is practically selected. Since, however, such a solution 
is generally difficult to achieve, it has been customary to 
solve the above problem by assigning different fre- 
quency bands to the respective network operators, as 
shown in Fig. 1 of the accompanying drawings. Fig. 1 
shows the assignment of four frequency channels to 
each of network operators A. B, C. 
[0008] if the frequency bands assigned to the respec- 
tive network operators are successive, then in fre- 
quency channels located at a boundary between 
different frequency bands, the leaking power in an adja- 
cent channel of a transmission signal from a mobile sta- 
tion causes a near-far problem to a frequency channel 
of another network operator. For example, in frequency 
channels fa1, fa4 located at a boundary of the fre- 
quency band assigned to a network operator A, the 
leaking power in an adjacent channel of a transmission 
signal from a mobile station causes a near-far problem 
to a frequency channel fc4 of a network operator C and 
a frequency channel fb1 of a network operator B. 
[0009] Fig. 2 of the accompanying drawings shows 
CDMA communication systems provided by a plurality 
of network operators and located in one area. As shown 
in Fig. 2, two network operators A, B provide respective 
CDMA communication systems in on area. The CDMA 
communication system provided by the network opera- 
tor A has base stations (not shown) which communicate 
with mobile stations present in cells A1 - A7. It is 
assumed that the cells Ai - A7 overlap a cell B1 of a 
base station of the CDMA communication system pro- 
vided by the network operator B, and that the frequency 
channels shown in Fig. 1 are assigned to each of the 
network operators A, B. 

[001 0] In Fig. 2, a represents the position of the base 
station of the cell A1 , p represents the position of the 
base station of the cell B1 , and y represents the position 
of the base station of the cell A4. 
[0011] In order to solve a near-far problem in one 
CDMA communication system, each of the base sta- 
tions control the transmission powers of mobile stations 
linked thereto, and the reception powers at the antenna 
of each of the base stations are controlled at a constant 
level at all times irrespective of the positions of the 
mobile stations. Specifically, if the distance between a 
mobile station and a base station linked thereto is large, 
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then the transmission power of the mobile station is 
increased, and if the distance between a mobile station 
and a base station linked thereto is small, then the 
transmission power of the mobile station is reduced. 
[0012] In Fig. 2, when a mobile station belonging to 
the CDMA communication system provided by the net- 
work operator A moves from the position a to the posi- 
tion p to the position y, the transmission power of the 
mobile station is first progressively increased from a low 
level to a maximum level at the position p. Near the posi- 
tion p, a hartdoff takes place from the base station of the 
cell A1 to the base station of the cell A4. As the mobile 
station approaches the position y, the transmission 
power of the mobile station is gradually lowered. 
[0013] The transmission power of a mobile station in 
the cell A1 which uses the frequency channel fa4 
changes as shown in Fig. 3a of the accompanying draw- 
ings. The reception power at the base station of the cell 
A1 in the position a and the reception power at the base 
station of the cell A4 in the position y change as shown 
in Fig. 3b of the accompanying drawings. 
[0014] As shown in Fig. 3b, when the mobile station is 
located between the position a and the position p, the 
reception power at the base station of the cell A1 is con- 
stant, and when the mobile station is located between 
the position p and the position y, the reception power at 
the base station of the cell A1 is gradually reduced. The 
reception power at the base station of the cell A4 is 
gradually increased when the mobile station is located 
between the position a and the position p. and is con- 
stant when the mobile station is located between the 
position p and the position y. When the reception pow- 
ers are constant, the reception powers have the same 
level at the base stations of the cells A1 , A4. At this time, 
the reception power in the frequency channel fb1 of the 
base station in the position p of the cell B1 of the net- 
work operator B is indicated by the solid-line curve in 
Fig. 3c of the accompanying drawings because of the 
leaking power in an adjacent channel from a mobile sta- 
tion. The conventional CDMA communication system 
has strict standards for the leaking power in an adjacent 
channel with respect to a transmitted signal from a 
mobile station, so that any interference which occurs 
with the base station of the cell when the mobile station 
is in the position p can be reduced to a level low enough 
not to cause practical problems to the CDMA communi- 
cation system. 

[0015] The reception power in the frequency channel 
fb1 in the base station of the cell B1 at the time the 
mobile station has a transmission frequency channel 
fa3 is indicated by the dotted-line curve in Fig. 3c. The 
reception power in the frequency channel fc>1 is low 
because the leaking power is exponentially reduced as 
the reception frequency channel is away from the trans- 
mission frequency channel. 

[0016] As described above, the conventional CDMA 
communication system has strict standards for the leak- 
ing power in an adjacent channel with respect to a 



transmitted signal from a mobile station so as to solve 
the near-far problem. Therefore, the transmitters of the 
mobile stations, particularly the final-stage power ampli- 
fiers thereof, are required to have a high level of Gnear- 

s ity, and hence have a large consumption power 
requirement and an increase in size. 
[0017] It is an object of the present invention to pro- 
vide a method of assigning a frequency from a base sta- 
tion to mobile stations in a CDMA communication 

w system for solving a near-far problem without strict 
standards for the leaking power in an adjacent channel 
with respect to the transmitter of a mobile station and for 
reducing a consumption power requirement and size of 
base stations. 

75 [0018] To achieve the above object, in a method of 
assigning a frequency in a CDMA communication sys- 
tem according to the present invention, a base station 
measures a propagation loss over a channel between 
the base station and a mobile station. If the measured 

20 propagation loss is greater than a certain fixed value, 
then the base station determines that since the mobile 
station is present in a position distant from the base sta- 
tion, the mobile station may possibly interfere with a 
base station of another CDMA communication system. 

25 The base station assigns a frequency channel which is 
not adjacent to the frequency band assigned to the 
other CDMA communication system, to the mobile sta- 
tion which may possibly interfere with a base station of 
another CDMA communication system. Therefore, it is 

30 possible to reduce interference with a base station 
belonging to another network operator, without strict 
standards for the leaking power in an adjacent channel 
of a transmitted signal of a mobile station. Therefore, 
the consumption power requirement and size of the 

35 transmitter of the mobile station can be reduced. 

[0019] In another method of assigning a frequency in 
a CDMA communication system according to the 
present invention, a frequency channel which is not 
adjacent to the frequency band assigned to another 

40 CDMA communication system is assigned to a mobile 
station whose transmission power level is greater than a 
certain fixed value. 

[0020] The above and other objects, features, and 
advantages of the present invention will become appar- 
45 ent from the following description when taken in con- 
junction with the accompanying drawings which 
illustrate preferred embodiments of the present inven- 
tion by way of example. 

so Fig. 1 is a diagram showing the assignment of four 
frequency channels to each of network operators; 
Fig. 2 is a diagram showing cells of conventional 
CDMA communication systems provided by net- 
work operators A, B shown in Fig. 1 ; 

55 Fig. 3a is a graph showing the manner in which the 
transmission power of a mobile station changes in 
the conventional CDMA communication systems 
changes; 
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Fig. 3b is a graph showing the manner in which the 
reception powers in the base stations of cells A1 , 
A4 in the conventional CDMA communication sys- 
tems change; 

Fig. 3c is a graph showing the manner in which the s 
reception power in the frequency channel fb1 of the 
base station of a cell B1 in the conventional CDMA 
communication systems changes; 
Fig. 4 is a diagram showing a CDMA communica- 
tion system according to a first embodiment of the to 
present invention; 

Fig. 5 is a flowchart of a process of assigning a fre- 
quency in the CDMA communication system shown 
in Fig. 4; 

Fig. 6 is a diagram showing cells of the CDMA com- 15 
munication system shown in Fig. 4; 
Fig. 7 is a graph showing the manner in which the 
reception power in the frequency channel fb1 of the 
base station of a cell B1 in the CDMA communica- 
tion system shown in Fig. 4 changes; and 20 
Fig. 8 is a flowchart of a process of assigning a fre- 
quency in a CDMA communication system accord- 
ing to a second embodiment of the present 
invention. 

25 



30 



35 



40 



1st Embodiment: 

[0021] As shown in Fig. 4, a CDMA communication 
system accord in g fcrffHrsf embodiment of the present 
invention has a mobile station 10 and a pair of base sta - 
ti ons 2Q ^g1. The base station 20 communicates with 
mobne^sl^tionsjn a cell A4, and the base station 21 
communicates with mobile stations in a cell A1. For 
example, the mobile station 10 moves in the cell A4, and 
hence communicates with the base station 20. 
[0022] A process of assigning a frequency in the 
CDMA communication system shown in Fig. 4 will be 
described below with reference to_ Eio^5r^ Z g 

[0023] At first, in step 101, vaJue 1 and value 2 are set 
to V 0 . In step 102, a base station measures a propa ga- 
tio n loss in a channel established betwee n the base sta- 
tion and each of t£g mobile stations . The base station 
can obtain a propagation loss by calculating the differ- 
ence between a transmission power level of each of the 
mobile stations, which tr ansmission power l evel is 
reported therefrom, and a rece ption power level of a sig- 
nal received f rom each of ThT mobile station s by the"* 
base stati on. The base s tation can also obtain a propa- 
g ation loss _ by calculating the difference between a 
reception power level of a signal received from the fc}ase so 
station by each of the mobile stations, which reception 
pow er level is reported from the mobile station^ and a 
tra nsmission power level of the base station for each of 
t he mp hiio gtgtj^ ng 

[0024] In step 103, the base station decides whether 55 
the propagation loss with respect to a mobile station is 
greater than value 1 or not. If the propagation loss is 
greater than value 1 in step 103, then the base station 



assigns a frequency channel which is not adjacent to a 
frequency channel assigned to another CDMA commu- 
nication system, to the mobile station in step 105. If the 
propagation loss is equal to or smaller than value 1 in 
step 103, the base station decides whether the propa- 
gation loss with respect to a mobile station is equal to or 
smaller than value 2 or not in step 104. If the propaga- 
tion loss is greater than value 2 in step 104. the process 
is forwarded to step 103. 

[0025] If the propagation loss is equal to or smaller 
than value 2 in step 104, then the base station preferen- 
tially assigns a frequency channel which is adjacent to a 
frequency channel assigned to another CDMA commu- 
nication system, to the mobile station in step 106. 
Finally, in step 107, value 1 is set to NA, and value 2 is set 
— to V 2 , then process is forwarded to step 1 02. 

[0026] The process of assigning a frequency in the 
CDMA communication system will be described in spe- 
cific detail below with reference to Fig. 6. 
[0027] As described above, the base station meas- 
ures a pr opagation loss in a channel estab lished 
betwee n the base station and_each of the mobile sta- 
tions. Based on the measured propagation lo ss, the 
ba se station divides the mobile stations pres ent in its 
own area into ^plurality of group s. In Fig. 6,The mobile 
stations are divided i nto two gro ups. While the mobile 
stations are_sb own as being grouped based on the ir 
positions i n Fig. 6, the mobile stations are actually 
grouped based on the p ropagation-loses. 
[0028] Tn Fig. 6, the mobile stations in the cell A1 are 
divided into a group A1-| and a group A1 2 , and the 
mobile stations in the cell A4 are divided into a group 
A4 1 and a group A4 2 . The mobile stations whose prop- 
agation losses are equal to or smaller than a value are 
classified into the group A1 A or A4 t , and the mobile sta- 
tions whose propagation losses are greater than the 
value are classified intojthe group A1 2 or A42- 
[0029] The mobile stations belonging" to the groups 
A1 2 , A4 2 are assigned a f requency channel fa2 or fa3 in 
Fig.1 which is not adjacent tg_aJr^qufiQ^chaonel 
assigned to anot her network operator from among the 
frequency channjjsassia ned to the CDM A comm unica - 
mo bile sta tions belonging to the 



45 



tion system. The 
grouPS-Al^, A^are preferentially assigned a freq uenc y 
channel fa1 or fa4 which isadjacent to a frequency 



y£ ^ ^Tn^Tasslgned to^ janother-netwarJ^operator. 



Of 



[0030] In the CDMA communication system according 
to the present embodiment, when a mobile station 
moves from a position a to a positio n^, the following fre- 
quency channel assignment is performed. 
[0031 ] When the mobile station is in the^positiojrg. the 
base station of the cell A1 handjes the mobile station as 
belongi ng to the group A1 1t and preferentially,^ssign§ - 
the frequency channel fa l or fa4 to the mobile station. 
When the mnbile station moves and its propagation loss 
becomes greater than the value, the base station of the 
cell A1 classifies the mobile station into the group A1 2 , 
and changes the frequency channel being used to fa2 
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or fa3. When the mobile station further moves to the 
position p. a handoff occurs from the base station of the 
ceTAl t6theT5ase station of the cell A4. At this time, the 
frequency channel being used is not changed and base 
station of the cell A4 handles the mobile station as 5 
belonging to group A^. When the mobile station further 
moves and its p ropagation loss as measured by the 
base station of the cell A4 becomes lower than the 
value, the base station of the cell A4 handles the mobile 
station as belonging to the group A4 1 , and preferentially 7 0 
changes the frequency channel being used to fa1 or fa4. 
[0032] The above frequency channel assignment as 
shown in Fig. 7, makes it possible to reduce an upper 
limit for the reception power in the frequency channel 
fb1 in the base station of a cell B1 of a network operator is 
B at th e position ft, t o a level lower than the interference 
power indicated by the solid-line curve in Fig. 3c. ^ 

2nd Embodiment: 

20 

[0033] In the first embodiment, a group to which a 
mobile station belongs is determined on the basis of a 
propagation loss over a channel with the mobile station, 
as measured by the base station. According to the sec- 
ond embodiment, a group to which a mobile station 2s 
belongs is determined on the basis of the transmission 
power level of the mobile station, rather than a propaga- 
tion loss. According to a transmission power control 
process carried out on the mobile station by the base 
station, the transmission power of the mobile station is 30 
controlled so as to be greater if the propagation loss is 
greater, and the transmission power of the mobile sta- 
tion is controlled so as to be smaller if the propagation 
loss is smaller. Therefore, the second embodiment can 
offer the same advantages as thef irst embodiment even 3s 
though it employs the transmission power level of the 
mobile station. 

[0034] A process of assigning a frequency in the 
CDMA communication system according to the second 
embodiment will be described below with reference to 40 
Fig. 8. 

[0035] At first, in step 601 , value 1 and value 2 are set 
to V 0 . In step 602, a base station receives a transmis- 
sion power level from a mobile station. The base station 
decides whether the transmission power level is greater 45 
than value 1 or not in step 603. If the transmission 
power level is greater than value 1 in step 603, then the 
base station assigns a frequency channel which is not 
adjacent to a frequency channel assigned to another 
CDMA communication system, to the mobile station in so 
step 605. If the transmission power level is equal to or 
smaller than value 1 in step 603, the base station 
decides whether the transmission power level is equal 
to or smaller than value 2 or not in step 604. If the trans- 
mission power level is greater than value 2 in step 604, 55 
then the process is forwarded to step 603. 
[0036] If the transmission power level is equal to or 
smaller than value 2 in step 604, then the base station 



preferentially assigns a frequency channel which is 
adjacent to a frequency channel assigned to another 
CDMA communication system, to the mobile station in 
step 606. Finally, in step 607, value 1 is set to N/j and 
value 2 is set to V 2 , then process is forwarded to step 
602. 

[0037] In the first and second embodiments described 
above, the mobile stations in one cell are divided into 
two groups. However, the principles of the present 
invention are also applicable to CDMA communication 
systems where the mobile stations in one cell are 
divided into more than two groups. 
[0038] Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

Claims 

1 . A method of assigning frequencies in CDMA com- 
munication systems providing services in the same 
area when different frequency bands are assigned 
to each CDMA communication system in which a 
base station of one of the CDMA communication 
systems selects a frequency channel to be used 
from the assigned frequency band and assigns the 
selected frequency channel to a mobile station, 
comprising the steps of: 

measuring a propagation loss over a channel 
between said base station and a mobile station 
present in a ceil of said base station; 
assigning a frequency channel which is not 
adjacent to the frequency band assigned to 
another CDMA communication systems from 
among the frequency channels assigned to 
said CDMA communication systems to a 
mobile station whose propagation loss is 
greater than a first value; and 
preferentially assigning a frequency channel 
which is adjacent to the frequency band 
assigned to another CDMA communication 
systems from among the frequency channels 
assigned to said CDMA communication sys- 
tems to a mobile station whose propagation 
loss is equal to or smaller than a second value. 

2. A method according to claim 1 , wherein said step of 
measuring a propagation loss comprises the step 
of: 

measuring said propagation loss based on the 
difference between the transmission power 
level of a mobile station reported to said base 
station and the reception power level of the sig- 
nal transmitted from said mobile station and 
received at said base station. 
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A method according to claim 1, wherein said step of 
measuring a propagation loss comprises the step 
of: 

measuring said propagation loss based on the s 
difference between the reception power level at 
the mobile station of a signal from said base 
station reported from said mobile station to 
said base station and the transmission power 
level of said base station to the mobile station. 10 

A method of assigning frequencies in CDMA com- 
munication systems providing services in the same 
area when different frequency bands are assigned 
to each CDMA communication system in which a is 
base station of one of the CDMA communication 
systems selects a frequency channel to be used 
from the assigned frequency band and assigns the 
selected frequency channel to a mobile station, 
comprising the steps of: 20 

indicating the transmission power level of each 
mobile station from the mobile station to a base 
station respectively; 

assigning a frequency channel which is not 25 
adjacent to the frequency band assigned to 
another CDMA communication systems from 
among the frequency channels assigned to 
said CDMA communication system, to a mobile 
station whose transmission power level is 30 
greater than a first value; and 
preferentially assigning a frequency channel 
which is adjacent to the frequency band 
assigned to another CDMA communication 
system from among the frequency channels 35 
assigned to said CDMA communication system 
to a mobile station whose transmission power 
level is equal to or smaller than a second value. 

A CDMA communication system comprising: 40 

at least one mobile station; and 
a plurality of base stations for measuring a 
propagation loss over a channel with a mofcJile 
station present in a cell thereof, assigning a fre- 45 
quency channel which is not adjacent to the 
frequency band assigned to another CDMA 
communication system which provides serv- 
ices in the same area as the CDMA communi- 
cation system from among the frequency so 
channels assigned to said CDMA communica- 
tion system to a mobile station whose propaga- 
tion loss is greater than a first value, and 
preferentially assigning a frequency channel 
which is adjacent to the frequency band ss 
assigned to the other CDMA communication 
systems from among the frequency channels 
assigned to said CDMA communication sys- 



tem, to a mobile station whose propagation 
loss is equal to or smaller than a second value. 

6. A CDMA communication system according to claim 
5, wherein each of said mobile stations comprises 
means for measuring said propagation loss based 
on the difference between the transmission power 
level of a mobile station reported from said mobile 
station to said base station and the reception power 
level of the signal transmitted from said mobile sta- 
tion and received at said base station. 

7. A CDMA communication system according to claim 
5, wherein each of said mobile stations comprises 
means for measuring said propagation loss based 
on the difference between the reception power level 
at the mobile station of a signal from said base sta- 
tion reported from said mobile station to said base 
station and the transmission power level of said 
base station to the mobile station. 

8. A CDMA communication system comprising: 

at least one mobile station for indicating a 
transmission power level to a base station; and 
a plurality of base stations for assigning a fre- 
quency channel which is not adjacent to the 
frequency band assigned to another CDMA 
communication system which provides serv- 
ices in the same area as the CDMA communi- 
cation system from among frequency channels 
assigned to the CDMA communication system 
to a mobile station whose transmission power 
level is greater than a first value, and preferen- 
tially assigning a frequency channel which is 
adjacent to the frequency band assigned to the 
other CDMA communication system from 
among the frequency channels assigned to 
said CDMA communication system to a mobile 
station whose transmission power level is 
equal to or smaller than a second value. 
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